INTRODUCTION
Disparate bladder cancer outcomes by race and sex persist despite overall improvements in survival in the past 30 years. Among patients diagnosed with bladder cancer between 2003 and 2009 in the United States, 5-year survival was greatest for white males (82 %), followed in order by white females (76 %), black males (69 %), and black females (54 %). 1 Hematuria is often the first sign of bladder cancer, portending malignancy 2.3-25.8 % of the time, depending on the cohort evaluated (population vs. referral), severity of hematuria, and patient-level risk factors such as age, gender, and smoking status. [2] [3] [4] [5] [6] The evaluation recommended by the American Urological Association for microscopic hematuria includes cystoscopy and upper tract imaging for those without an obvious benign etiology. 7, 8 Population-based studies suggest that the minority of those with hematuria are evaluated (9-36 %), 9 ,10 a finding that persists even in those at high risk for malignancy. 11 The quality of a hematuria evaluation is determined by its completeness and timeliness. Incomplete or untimely evaluations can delay cancer diagnoses, and potentially result in a more advanced stage and worse prognoses. We sought to evaluate the completeness and timeliness of incident microscopic hematuria evaluations in a contemporary cohort of Medicare beneficiaries. Based on the patterns of disparity in bladder cancer, we hypothesized that a complete and timely hematuria evaluation was more likely to occur in whites than blacks, and in males than females.
METHODS

Database and Study Population
We performed a retrospective cohort study of fee-for-service Medicare beneficiaries diagnosed with microscopic hematuria between January 2009 and June 2010. We used a 5 % national sample of Medicare inpatient, outpatient, and carrier claims in the Medicare Limited Data Set to identify subjects diagnosed with hematuria (International Classification of Diseases, Ninth Revision [ICD-9] codes 599.7x) during the study time frame. The diagnosis of hematuria was required to be from a primary care provider (PCP) (Medicare specialty codes 01, 08, 11, 50, and 70) in the outpatient setting (verified by Place of Service codes). Subjects were considered for inclusion if they were 66 years of age or older and had continuous Medicare parts A and B coverage for at least 12 months prior and 6 months after the hematuria diagnosis, allowing us to compute comorbidity and assess for pre-existing diagnoses that would exclude the patient from our study. For subjects with more than one diagnosis of hematuria within the study time frame, the first diagnosis of hematuria was considered the "index" event.
Subjects were excluded if they had gross hematuria (ICD-9 code 599.71), or if their Medicare eligibility was due to chronic kidney disease or disability. To define a cohort whose hematuria was not the sequelae of a known disease state, we excluded beneficiaries with pre-existing nephrourologic diagnoses or conditions. Subjects with a diagnosis of a genitourinary neoplasm or urolithiasis at any point prior to the hematuria diagnosis were excluded. In addition, subjects with a disease process or a genitourinary procedure in the 12 months prior to the hematuria diagnosis that could explain the hematuria were also excluded (determined by ICD-9 and Healthcare Common Procedure Coding System [HCPCS] codes) (see online Appendix 1 for disease process codes and online Appendix 2 for procedure codes used for exclusion criteria).
An institutional data use agreement is in place with the Centers for Medicare and Medicaid Service for use of the analytic files, and the study was deemed exempt by the institutional review board as this was non-human subject research posing little to no risk to study participants.
Outcomes
The primary endpoint of the study was receipt of a hematuria evaluation. We trichotomized the outcome on the basis of completeness and timeliness. The evaluation was considered 1) complete if the subject had both a genitourinary procedure (primarily cystoscopy) and an abdomino-pelvic imaging study within 6 months of hematuria diagnosis; 2) incomplete if the evaluation comprised either an endoscopic procedure or imaging study within 6 months of hematuria diagnosis; or 3) absent if the patient underwent neither a procedure nor imaging within the 6 months of hematuria diagnosis. Abdomino-pelvic imaging studies included diagnostic ultrasound, urography, computerized axial tomography, and magnetic resonance imaging; consistent with guideline recommendations, plain radiographs were not considered sufficient imaging for the upper tracts. Determination of receipt of relevant procedures and imaging was based on ICD-9 and HCPCS codes from the inpatient, outpatient, and carrier files (see Appendix 2 for ICD-9 and HCPCS procedure codes used to determine receipt of relevant procedures and imaging). The 6-month time frame was chosen based on the established literature, with delays longer than 6 months being associated with adverse outcomes. 12, 13 Secondary endpoints included provider contribution to the hematuria evaluation by type and utility of the hematuria evaluation. Medicare specialty codes were used to determine whether the subject was seen by a urologist (Medicare specialty code 34), and whether the urologist performed one of the relevant procedures in the 6 months after hematuria diagnosis. Arrival at a definitive urologic or renal diagnosis within the 6-month time frame was determined using the same ICD-9 codes used for the exclusion criteria (see Appendix 1 for ICD-9 diagnosis codes).
Covariates
Demographic variables included age, gender, and race. Race was categorized as white, black, and all others, due to the paucity of non-white, non-blacks in our sample. All others included Asian (2 %), Hispanic (1 %), North American Native (1 %), and other (1 %). Nine subjects were excluded from all analyses due to unknown race.
Clinical characteristics included subject comorbidity, quantified using the Klabunde adaptation of the Charlson index, 14 and subject use of tobacco, antiplatelets, or anticoagulants. Tobacco use was determined by ICD-9 and HCPCS codes for smoking history and smoking cessation counseling or treatment (ICD-9: 305.1, V15; HCPCS: C9801, C9802, G0436, G0437, G8686, G8688, G8690, G8692, G8751, G9016, S4995, S9453, S9075). Long-term, current use of antiplatelets or anticoagulants was per ICD-9 codes (V58.61, V58.63, V58.66).
Subject socioeconomic status was inferred from the socioeconomic features of the county of residence. 15, 16 Median household income and education (percent of adults over 25 years old without a high school diploma) were obtained by linking the subjects' Federal Information Processing Standard county codes to the Area Resource File (ARF). 17 In order to account for the setting of healthcare delivery, environmental characteristics, including percent urban (vs. rural) and density of providers (primary care and urologic) per 100,000 residents, were obtained from the ARF. The Medicare region of subject residence was categorized as Northeast, South, Central, or West.
Statistical Analysis
Standard descriptive statistics were used to describe the cohort. Pearson chi-squared tests were used to evaluate bivariate associations between race, gender, and the primary and secondary endpoints.
We fit generalized linear mixed models (GLMM) to examine the relationship between race-gender strata and the completeness of hematuria evaluation, adjusting for the demographic, clinical, socioeconomic, and environmental covariates. Since the workup quality measure (absent, incomplete, complete) is ordinal, we used a proportional odds logistic regression. Characteristics of the individual subjects were treated as fixed effects. A restricted cubic spline with three knots was used for age to permit nonlinearity. A random intercept for the subject's county of residence was used to account for homogeneity among provider practices within the same county. As the influence of race on the outcomes likely varies by gender and region, we included interaction terms a priori between race and sex, as well as race and region.
Chi-squared tests were used to compare the practice patterns of PCPs (referring to a urologist) and the urologists (performing a relevant procedure) by race and gender.
All analyses were performed using R Version 3.0.2 (R Core Team).
RESULTS
Over the eighteen consecutive months ending June 2010, 9,211 Medicare beneficiaries met our study inclusion criteria. Baseline characteristics of our cohort are displayed in Table 1 . The median age was 74 years (interquartile range [IQR]: 69-81), with the majority of the cohort being female (72 %) and white (89 %).
Components and completeness of hematuria evaluation by gender and race can be seen in Table 2 . Overall, the hematuria evaluation was complete in 14 %, incomplete in 21 %, and absent in 65 %. Women were less likely than men to undergo a procedure (12 vs. 26 %, p < 0.001) or abdomino-pelvic imaging (30 % vs. 41 %, p<0.001) as part of the workup of hematuria. As a result, complete evaluations were less likely in women than men (10 % vs. 22 %, p<0.001), with the majority of women (69 %) failing to undergo any evaluation. Conversely, completeness of the hematuria evaluation was not shown to differ by race. Whites, blacks, and all others were not found to have different rates of a complete, incomplete, or absent workup for hematuria (p=0.89), or dissimilar rates of procedures and imaging across racial groups.
The results of our multivariable models for race and gender are in Table 3 . After controlling for the demographic, clinical, socioeconomic, and environmental characteristics, white and black women were less likely to have a procedure, imaging, or a complete workup for hematuria compared to white men. In contrast, we did not find that black men had rates of complete evaluation, procedures, or imaging that differed from those of white men.
The magnitude of the effect of gender and race on the hematuria evaluation is illustrated in Fig. 1 . Taking a white female as an example, the probability of her having a procedure, imaging, or a complete workup is similar to that of a black female, but significantly less than that of a white male. Consolidating the model by utilizing a multinomial outcome for evaluation completeness (i.e., complete, incomplete, and absent) resulted in similar findings (data not shown).
Practice patterns of PCPs and urologists can be seen in Table 4 . Overall, 23 % of subjects were referred to a urologist after the diagnosis of hematuria. Of these, 66 % underwent cystoscopy or other relevant procedures by the urologist, with urologists performing 98 % (1,401/1,436) of the procedures received by the cohort. The likelihood of referral to a urologist varied by gender and race. Conversely, among those referred to urologists, no evidence of difference by gender or race was found in the likelihood of the urologist performing a procedural evaluation. Tobacco use did not impact the likelihood of urologic referral or the likelihood of procedural evaluation.
Complete evaluation was more likely to result in a definitive diagnosis than incomplete and absent evaluations (69 % vs. 34 % vs. 8 %, respectively; p<0.001). Of the urinary tract neoplasms identified, 81 % (327/403) were the result of complete evaluations, as were 88 % (235/267) of the bladder cancer diagnoses. For beneficiaries who underwent any procedural or imaging evaluation (incomplete or complete), men were roughly twice as likely as women to be diagnosed with a urologic (non-prostate) malignancy.
DISCUSSION
Women and blacks experience worse survival after bladder cancer diagnosis, in large part because delayed diagnoses lead to a higher stage at presentation. 1, [18] [19] [20] [21] Equalization of tumor stage at diagnosis could reduce this survival disparity; studies adjusting for the more advanced stage at diagnosis of blacks and women eliminate up to 70 % of the excess mortality for blacks compared to whites (and black females compared to black males) and 30 % of the excess hazard for white females compared to white males. [21] [22] [23] Our study of Medicare beneficiaries aged 66 years or older has two important findings relevant to tumor burden at diagnosis. First, we found that women are less likely than men to undergo a complete and timely evaluation for hematuria, a finding that remained true when controlling for relevant demographic, clinical, socioeconomic, and environmental characteristics. This was most attributable to the procedural element of the hematuria evaluation; white and black males were more than twice as likely to have a procedure compared to white or black females.
This difference in procedural rates between men and women may underlie the observed gender disparity in the pathologic stage at bladder cancer diagnosis, and subsequently, bladder-cancer-specific survival. The diagnosis of bladder cancer requires a procedure, i.e., endoscopic visualization and biopsy of the bladder wall. For women in whom hematuria is the first sign of malignancy, incomplete or untimely procedural evaluation of the bladder represents a missed opportunity for earlier detection and less advanced disease.
Secondly, and contrary to our hypothesis, we did not find evidence that completeness of the hematuria evaluation varied by race. While blacks in our patient sample received slightly fewer procedural evaluations than whites, we found no statistically significant differences between black and white Medicare beneficiaries with respect to the completeness of hematuria evaluation or in the individual components of evaluation, findings that suggest the evaluation of hematuria may not be the predominant contributor to the advanced tumor burden seen in black-white comparisons within each sex.
Factors antecedent, within, or downstream to the hematuria evaluation merit consideration. Access and utilization of primary care differ by race. 24, 25 Less favorable access and utilization of primary care among black bladder cancer patients has been associated with advanced disease and worse survival compared to whites. 18, 26 Blacks are more likely than whites to have aggressive histologic variants that result in a worse prognosis even with adjustment for grade, stage, and treatment. 18, 23, 26, 27 Blacks are less likely to undergo definitive surgery, more likely to be treated by low-volume providers and in low-volume hospital settings, and more likely to experience adverse treatment-related outcomes. [28] [29] [30] [31] [32] While our data showed that black patients who accessed care were as equally likely as whites to undergo complete hematuria evaluations, our ability to identify differences in health system engagement between races is limited by the obvious selection bias inherent to claims data of insured individuals.
With regard to our secondary endpoints, we found that primary care practice patterns largely accounted for the observed sex-based variation in procedural evaluation. PCPs were twice as likely to refer men with hematuria to a urologist, whereas urologists were as likely to perform a procedure regardless of sex. Our data also demonstrate an association (14) 64 (12) 44 (10) 563 (22) 681 (10) * All others includes Asian, Hispanic, North American Native and other † Medicare beneficiaries with incident hematuria were evaluated for receipt of the two components of a hematuria evaluation (procedure and imaging) within 6 months after hematuria diagnosis ‡ Completeness of a subject's hematuria evaluation was categorized as complete, incomplete, or absent, based on the components received within the first 6 months after diagnosis. A subject was determined to have received: 1) a complete evaluation if both a procedure and an imaging study were done; 2) an incomplete evaluation if either a procedure or an imaging study were done; and 3) an absent evaluation if neither a procedure nor an imaging study were done between the completeness of the hematuria evaluation and the likelihood of an explanatory diagnosis; complete evaluations were two and eight times more likely to have an etiologic diagnosis as incomplete and absent evaluations, respectively. These findings are neither an indictment of PCPs nor congratulatory of urologists. While it may be that optimal use of hematuria evaluations would result in more women undergoing procedural evaluation, reaching this conclusion from our data would be a post hoc fallacy. Variation in referral to specialty providers is dependent on a number of complex patient, provider, and environmental factors that cannot be discerned from an administrative data set. 33, 34 In the context of the hematuria evaluation, the lower referral rate of women to urologists likely reflects appropriate risk stratification by PCPs. Women are more likely to have obvious benign causes of hematuria, including urinary tract infection and menstruation, which do not require procedural evaluation. Bladder cancer is three times more common in men, 35 a higher referral rate therefore commensurate with cancer risk. It may also be that the rate of procedural evaluations by urologists should differ by gender or race, as opposed to being similar as shown in our data.
Yet for women in whom hematuria is the first indication of bladder cancer, repeated empiric treatment of urinary tract infections (UTIs) and voiding symptoms results in delayed diagnoses and more advanced disease. In a recent study, a Figure 1 . Estimated expected probability of evaluation outcomes by race-gender strata. Expected probabilities of receiving a component of hematuria evaluation (i.e., procedure or imaging) and both components (i.e., complete evaluation). Expected probabilities computed from multivariable models with baseline demographic, clinical, socioeconomic, and environmental characteristics set to medians/modes. PCP primary care provider * Medicare specialty codes were used to determine if 1) the PCP referred the patient to a urologist after the diagnosis of hematuria; and 2) if the urologist subsequently performed a procedure as part of their evaluation † Out of total number of patients referred to urologists by PCPs (n= 2,124) ‡ All others includes Asian, Hispanic, North American Native, and other billing claim for UTI was the strongest predictor of a longer interval between presentation with hematuria and bladder cancer diagnosis in a cohort of commercially insured patients under the age 65 years. 36 Similarly, adjusted analyses from the National Cancer Experience Survey in England demonstrated that, out of seventeen malignancies studied, the interaction between sex and delayed referral was strongest for women with bladder cancer. 37 The logical question is how to appropriately balance timely identification of malignancy in those in whom it is less likely (women and blacks) without increasing unnecessary evaluation in those in whom it is likely lower yield. Increasing collaboration among providers, improved risk stratification, and the introduction of system-level measures to reduce variability hold promise. Physician-led collaboration in genitourinary cancers has demonstrated the ability to inform observational findings from administrative data sets, improve quality, and optimize utilization. [38] [39] [40] Similarly, the hematuria risk index developed within Kaiser Permanente is progress towards evidence-based determination of the appropriateness of a hematuria evaluation based on individualized risk. 41 Whether payment reform will enhance efforts to target hematuria evaluations to those at highest risk for significant pathology remains to be seen.
Our study has limitations. Our cohort consisted of Medicare beneficiaries aged ≥ 66 years, and our findings may not be generalizable to younger patients or cohorts with more heterogeneity in insurance status. While almost 75% of bladder cancer diagnoses in the U. S. occur in the Medicare population, 1 gender and race disparities in those of a younger age may not be represented in our findings. Secondly, there may be imperfectly measured and unmeasured characteristics that could account for some of our findings regarding gender and race. We tried to mitigate this by using established methods to control for known contributors to disparity in urinary tract malignancies that could be measured, and we chose our inclusion and exclusion criteria to favor the creation of a homogenous cohort. Third, our results are not adjusted for hematuria severity, as a quantified measure is not available in our data set (i.e., number of red blood cells per high-power field on microscopic examination). Fourth, we are unable to account for patient-level preferences regarding undergoing an evaluation for hematuria; trust and confidence in providers and the healthcare system is known to vary by race and gender. 42, 43 Lastly, the completeness and timeliness of a hematuria evaluation is but one of many factors that may contribute to the disparate survival outcomes in bladder cancer.
Despite these limitations, our results demonstrate that in a cohort of Medicare beneficiaries with incident hematuria, receipt of a complete and timely hematuria evaluation was less likely in women than men and of similar likelihood in blacks and whites. Collaborative efforts aimed at improving the quality of evaluation in at-risk women should yield a stage migration toward less advanced disease, and should meaningfully impact disparate bladder cancer outcomes. * ICD-9 codes were used to 1) determine study eligibility (i.e., any potential subject with one or more of the diagnosis codes prior to the hematuria diagnosis was excluded); and 2) in the eligible cohort, determine if a definitive urologic or renal diagnosis was established after the finding of hematuria † Potential subjects were deemed ineligible if they had a diagnosis of a neoplasm, urolithiasis, or medical renal and cystic kidney disease at ANY point prior to the hematuria diagnosis, or if they had a diagnosis of a hematologic/thrombotic, benign prostate disease, infectious or anatomic, or traumatic or embolic disease 12 months prior to the hematuria diagnosis ‡ Specified sites are kidney, other urinary organs, and intra-abdominal pelvic lymph nodes
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